Background Social connections at all stages of life are essential for physical and mental well-being. Of particular importance are social relationships during adolescence that shape adult health behaviors and health outcomes. Objective The aim of this study was to estimate the association between adolescent peer status in school and later-life quality-adjusted life-years (QALYs) and healthcare costs. Methods This study used social network and health outcomes data from Wave I (ages 12-18 years) and Wave III (ages 18-24 years) of the US National Longitudinal Study of Adolescent Health (n = 10,578) to compare QALYs and healthcare costs (in 2012 US$) by adolescent peer status in US schools. Generalized linear models controlled for school fixed effects, individual and family characteristics, and US census block neighborhood effects. Non-parametric bootstrapping accounted for residual skewness in QALYs and healthcare costs. Net monetary benefit (NMB) was calculated by converting adjusted 5-year QALYs into US$ values and subtracting 5-year healthcare costs. NMB was then compared across quintiles of adolescent peer status in school at Wave I. Results Results obtained from non-parametric bootstrapping indicate that adolescents with higher peer status in school experience significantly better health and lower healthcare costs over the next 5 years. At US$50,000 per QALY, adolescents with 8 or more friends achieved NMB of US$214,300 (95 % CI 212,800-215,800) over a 5-year span, in comparison to adolescents with 0-1 friends, who attained US$209,900 (95 % CI 207,900-211,700) NMB. This difference translates into approximately US$4,440 (95 % CI 2,036-6,825) per socially disengaged adolescent in additional health costs and/or reduced QALYs over 5 years. Conclusion The study calls for randomized controlled trials targeting adolescent peer group structures in schools as a means to promote better health and lower healthcare costs in adulthood.
importance are peer social relationships in adolescence that may shape adult health behaviors and health outcomes [5] [6] [7] [8] [9] [10] [11] .
Research shows that peer status at school, where adolescents spend most of their waking hours, interacting with peers on a daily basis, has lasting health implications [12] . Peer status reflects the degree to which an adolescent is accepted, integrated, and respected in school. It also includes esteem, visibility, and reputation among classmates. Peer status refers not just to likability among peers, but also to power and influence in the classroom. Adolescent peer status is often measured as the frequency with which one is nominated as a friend by one's school peers [13] . Peer status measured through friendship nomination depends less upon individual judgments than on consensual group agreement in the school.
A substantial body of cross-sectional evidence demonstrates that adolescent peer status is associated with health outcomes and health behaviors [8, [14] [15] [16] [17] . In one study, 11-to 15-year-olds who indicated high peer status were twice as likely to report good self-rated health as low peer status adolescents [14] . Conversely, poor peer status is associated with a 2.5-fold increase in self-reported musculoskeletal pain among teenagers [16] and depressive symptoms in early adolescence [8] .
In addition, several prospective longitudinal cohort studies link peer status in adolescence with adult health outcomes. Adolescents (aged 8-12 years) with higher peer status in school reported better health as adults (aged 45-52 years) than adolescents with lower peer status [7] . This association could not be explained by socioeconomic and individual childhood characteristics. Students with low peer status in 6th grade were more likely to suffer from adult illness (e.g. cardiovascular disease and diabetes) and mental health disorders (e.g. depression, anxiety, alcohol abuse, and dependence) [5] . This finding also could not be fully explained by parental socioeconomic class.
Furthermore, adolescent peer status is associated with the use of healthcare [12, 18, 19] . Adolescents with no close friends had more hospitalizations in adulthood than adolescents who had at least one friend [12] . Anxiety and depression among adolescents, frequently associated with poor peer status, were linked to greater pediatric healthcare utilization and costs [19] .
Because adolescent peer status could not be randomized, determining here, as in any study, the direction of causality requires careful consideration. However, an extensive body of evidence suggests that peer status precedes health effects. Research suggests that episodes of acute illness have little to no effect on adolescent peer status [20] . Depression prospectively did not lead to low peer status among adolescents, but peer rejection predicted depression [21] . Similarly, intervention students who increased the number of peer friendship nominations in a randomized controlled trial of a kindness curriculum in school classrooms also experienced increased life satisfaction and positive affect compared with control students [22] . Furthermore, when adolescent friendship nominations were more evenly distributed across students, students in the classroom reported better well-being [8] . Notably, the adolescent peer status and health findings are in line with results in adults. A meta-analysis of 148 studies implicates social isolation and loneliness in greater mortality risk in adults than obesity, lack of physical activity, excessive alcohol consumption, or hypertension [3] .
Adolescent peer status may impact long-term health through buffering of stress effects [23] [24] [25] . Research suggests that the link between adolescent peer status and subsequent health could operate through emotional and social support [24] . Adolescents have been shown to produce lower cortisol levels in response to a stressful event when a friend is present compared with when they are alone [26] . It is possible that lack of friendships in adolescence may lead to poor coping skills with stress and worse immune system responses in adulthood, which, in turn, could result in worse health outcomes and greater healthcare costs.
Adolescent peer status may also influence later-life health through the psychological pathways of self-esteem and self-efficacy. Self-esteem and self-efficacy improve adaptation to stressful life events, encourage positive affect and protect against depression [21, 27, 28] . Adolescents may develop self-efficacy from one another through observation, imitation, and modeling of health behavior choices [29] [30] [31] . Greater peer status provides access to multiple sources of information that could help one make more informed health choices and avoid risky health behaviors [32, 33] .
In contrast, low peer status may influence health by 'getting under the skin' and increasing a biological 'general susceptibility' to illness [5, 6, 34] . The biological mechanism between adolescent peer status and subsequent health may be a physical response to chronic stress, which may be mitigated by the presence of friends. The hypothalamic-pituitaryadrenal (HPA) axis relates social relationships, chronic stress, and illness [24, [35] [36] [37] . Chronic stress leads to prolonged activation of the HPA axis, which stimulates a cortisol response [38] . Extended cortisol activity is linked to increased cardiovascular disease, diabetes, cancer, and reduced immune system response [39] . Chronic stress in children has been shown to add an additional 6 years to cell aging, as measured by the DNA marker telomere length [40] .
While available research reveals the link between adolescent peer status and later-life health and healthcare utilization, it is not enough for policy decision makers to uncover that such a link exists. It is essential to quantify the health outcomes and healthcare utilization costs associated with peer status in school. In this study, we use a net monetary benefit (NMB) approach [41] to test the relationship between adolescent peer status in school, health, and healthcare costs later in life.
Methods

Data Source
This study takes advantage of the unique social network and health outcomes data collected by the US National Longitudinal Study of Adolescent Health (Add Health). The study, using a nationally representative sample of US middle-and high-school students ages 12-18 years [42] , allows the creation of peer status strata based on school social network characteristics.
Add Health used stratified sampling to enroll high schools that were representative of schools nationwide based on region of the country, urbanicity, school funding, and racial composition. The study enlisted corresponding middle-school and junior-high feeder schools for the participating high schools. Add Health was approved by the Institutional Review Board of the University of North Carolina-Chapel Hill.
All 7th-through 12th-grade students at the 132 participating schools were invited to complete an in-school survey. Students who responded to the in-school survey (n = 90,118) were randomly selected for an in-home interview and parent survey (Wave I, n = 20,745 
Analytic Sample
A total of 15,170 adolescents completed the Add Health Wave III survey. Of these, 4,592 (30 %) did not have Wave I school friendship data available and were excluded from the analysis. School social network data were not made available if a student's name was not present on the inschool friendship survey or if less than 50 % of the students at the school completed the in-school friendship survey. The study sample was composed of 10,578 respondents to the Wave III survey for whom social network data were available at Wave I.
Measures
Peer Status
In Wave I, study subjects listed up to five males and five females as friends from an all-school roster. Peer status was calculated as the number of friendship nominations received from the other school students (i.e. in-degree). The in-degree parameter is frequently used to measure peer status in adolescent school groups [10] . Subjects were divided into peer status quintiles based on their in-degree. The division of subjects into quintiles was based on the expectation that the relationship between peer status and health outcomes was most likely not linear. We expected that the marginal benefit of an additional friendship nomination would be greater for an adolescent with fewer friendship nominations than for an adolescent with many friendship nominations.
Quality-Adjusted Life-Years (QALYs)
Quality-adjusted life-years (QALYs) account for both health-related quality of life and its duration across various medical conditions [43] [44] [45] . QALYs serve as an important tool for comparison evaluation of health interventions.
QALYs over the past 5 years were computed based on physical function, medical conditions, and diagnoses reported at Wave III of Add Health, when subjects were aged 18-24 years. Subjects reported if they had been diagnosed with asthma, depression, diabetes, hypertension, migraines, epilepsy, or cancer. They also indicated whether their health limited their mobility and self-care (Medical Outcomes Study PF-10 Physical Function Scale [46] ), whether they had blindness in one or both eyes, and whether they suffered from hearing loss. The analysis calculated 5-year QALYs for each individual subject by subtracting QALYs lost due to the reported medical conditions and health limitations from full health over the past 5 years (i.e. full-health QALYs = 5). Annual QALY loss values for chronic conditions (0.054 per chronic condition), blindness (0.050), and hearing loss (0.006) were derived from the Medical Expenditure Panel Survey (MEPS) based on average disutility reported in the literature [47, 48] . QALY loss values for mobility (0.146 for moderate impairment, 0.558 for severe impairment) and self-care limitations (0.175 for moderate limitation, 0.471 for severe limitation) were derived from preference-weighted disutility derived from a representative sample of the US population [49] .
Healthcare Utilization Counts and Costs
At Wave III, participants reported the number of times they had been hospitalized or had visited the emergency room in the past 5 years, whether they had received inpatient treatment for a mental illness in the past 5 years, and whether they had attended an alcohol and other drug abuse (AODA) treatment program in the past year. The analysis multiplied utilization counts by US$ costs derived from the 2004 MEPS [50] and adjusted to 2012 prices to calculate healthcare costs over the past 5 years.
Control Variables
The analysis controlled for subjects' age, gender, race, and parental education (e.g. less than a high-school degree, high-school degree, some college, or college graduate). Parent education was included as a proxy for family socioeconomic status (SES) to control for the known health-SES gradient in children, which shows that increasing SES continually leads to better health [51] .
The model controlled for school-level fixed effects by including school dummy variables. The fixed effects model accounts for unobserved factors across schools and allows for identifying the within-school connections between social networks, health, and healthcare costs.
Research suggests a positive association between neighborhood income and health [51] . To adjust for potential confounding by neighborhood income, the analysis included the percentage of families in the participant's census block who were at or below the poverty level, the percentage of individuals over age 25 years who had completed a college degree, and the median family income in the census block.
Statistical Analysis
Net Monetary Benefit (NMB) Approach
In addition to estimating QALYs and healthcare cost separately, the study used an NMB approach to evaluate the significance of adolescent peer status for both QALYs and healthcare costs over a 5-year span. NMB methodology is a well-established framework for the analysis of uncertainty in cost-effectiveness analysis in health economics [41] . It allows simultaneously comparing health and cost implications of multiple competing health interventions by converting health into monetary units. The NMB value is calculated as:
where l QALYi and l COSTi are mean QALYs and mean healthcare costs in treatment group i, and k, the costeffectiveness threshold, is assumed to be an exogenous variable corresponding to the maximum amount that society would be willing to pay for an incremental QALY gain [52] . Intuitively, the NMB is a weighted average, which depends on k, of healthcare costs and QALYs. If k is low, the NMB expression leans more heavily toward healthcare costs. As k increases, more weight is given to the QALY portion of the expression.
The analysis contrasted NMB by social network strata based on in-degree quintiles derived from the Add Health friendship survey.
Estimation Modeling
The modeling employed a combination of probabilistic sensitivity analysis and non-parametric bootstrap analysis to estimate QALYs and healthcare costs, and to account for uncertainty in parameters within the various peer status strata.
Wave III QALY Sampling Distribution
To create sampling distributions for Wave III QALYs, the analysis subtracted QALYs lost for each Wave III medical condition based on average disutility reported in the literature from the full-health QALY value over a 5-year span [47, 48] . A generalized linear model with an identity link function (GLM) controlled for school fixed effects, individual and family characteristics (e.g. age, gender, race, parental education), and US census block neighborhood effects (e.g. poverty, college education, median income) in the resulting QALYs. The residuals from the GLM were added to the distributional mean to produce adjusted meancentered QALYs over a 5-year span for each subject. QALY values are not discounted.
Wave III Healthcare Cost Sampling Distribution
Subjects self-reported past 5-year healthcare utilization in Add Health Wave III. The 5-year healthcare utilization counts were multiplied by US$ costs drawn from the 2004 MEPS [50] and adjusted to the 2012 medical consumer price index. The 2004 MEPS average unit costs, adjusted to 2012 US$, were US$984 per emergency department visit, US$1,514 per hospitalization, US$1,215 per inpatient mental health treatment, and US$1,385 per AODA treatment episode. A GLM adjusted healthcare costs for school fixed effects, individual and family characteristics, and US census block neighborhood effects, as noted above, to produce adjusted mean-centered costs for each subject. Costs were derived from the healthcare payer perspective. All costs are reported in 2012 US$ and are not discounted.
NMB Sampling Distributions Based on Peer Status
QALY and cost distributions exhibit asymmetric long-tail properties that call into question normality assumptions. As an alternative to traditional variance estimation, non-parametric bootstrapping produces confidence intervals based on the empirical distribution of cost and QALY outcomes [53, 54] . The estimation used Monte Carlo simulations to generate bivariate sampling distributions for QALYs (l QALYi ) and healthcare costs (l COSTi ) based on peer status in school. From the n i observations in a given stratum, a random sample of size n i was drawn with replacement. The simulated combinations of QALYs and healthcare costs were plotted in the cost-effectiveness plane. The NMB b was calculated for the derived bootstrap sample using the NMB value equation (1) and assuming a fixed US$ value for k. This process was repeated a large number of times (N = 1,000) to produce estimates of the 95 % confidence interval bounds for NMB as the N*(0.025) highest and the N*(0.025) lowest values of NMB b .
NMB Conditional on Cost-Effectiveness
Threshold (k)
The analysis computed NMB for each simulated Monte Carlo draw assuming a fixed cost-effectiveness threshold k.
Varying the US$ value threshold k along a sliding scale (from US$0-500,000 per QALY) allowed for alternative conversion of QALYs into monetary values. The analysis presents the US$ value NMB differential per adolescent between quintiles at the k = US$50,000/QALY level. Finally, the probability of a quintile maximizing NMB relative to the other quintiles' NMB was plotted on the cost-effectiveness threshold (k) scale. Table 1 shows summary statistics of demographic and household variables for the study sample. Half of the participants were males. Mean age was 15.7 years. Most (57 %) respondents were non-Hispanic White, 21 % were Black, 7 % Asian, and 14 % White Hispanic. Table 2 provides the means and standard deviations for the QALY and healthcare cost data over a 5-year span by adolescent peer status (i.e. in-degree) quintile, after adjusting for school fixed effects, individual and family characteristics, and US census block neighborhood effects (see Online Resource 1). Adolescents with 0-1 friends experienced 4.33 QALYs (SD 0.48) over a 5-year span. QALYs increased steadily up to 4.38 QALYs (SD 0.45) for adolescents with 8 or more friends. On the other hand, healthcare costs decreased as adolescent peer status in school increased. While mean healthcare costs for socially marginalized adolescents (0-1 friends) averaged US$6,831 (SD US$11,570), participants with 8 or more friends demonstrated US$5,165 (SD US$9,349) in healthcare costs over a 5-year span at Wave III. Large standard deviations for healthcare costs noted in Table 2 reflect the skewed nature of the healthcare cost data. Figure 1 offers a visual interpretation of the link between adolescent peer status in school, QALYs, and healthcare costs over a 5-year span. Each data point in Fig. 1 represents a Monte Carlo simulation run of QALYs and healthcare costs. As predicted, QALYs rose and healthcare costs fell, respectively, as an adolescent's peer status in school increased. The top two quintiles (subjects with 6-7 and 8? friends) had both the lowest healthcare costs and greatest QALYs as opposed to the two lowest quintiles (participants with 0-1 or 2-3 friends). High peer status adolescents (6-7 or 8? friends) enjoyed QALYs in the 4.36-4.40 range, while lower peer status adolescents (0-1 or 2-3 friends) experienced 4.31-4.35 QALYs respectively. Adolescents in the highest in-degree quintile (8? friends) averaged US$4,500-5,500 in 5-year healthcare costs compared with US$6,300-7,300 5-year healthcare costs for socially disengaged adolescents in the lowest in-degree quintile (0-1 friends).
Results
NMB is a measure of the 5-year cumulative health (QALYs) of the individual converted into US$ minus the individual's 5-year healthcare costs. Table 3 presents NMB values at the US$25,000 and US$50,000 levels for the costeffectiveness threshold k. With QALYs valued at US$25,000, the highest peer status adolescents (8? friends) averaged NMB of US$104,400 across all Monte Carlo simulations. NMB for adolescents with 0-1 friends were significantly lower (US$101,400; p \ 0.001). Similarly, at US$50,000 per QALY, the highest peer status adolescents experienced significantly greater NMB (US$214,000) than low peer status adolescents (US$209,700, p \ 0.001; and US$209,900, p \ 0.001, for 0-1 friends and 2-3 friends, respectively). The NMB results translate into 4.29 QALYs (95 % CI 4.26-4.32) over 5 years for an adolescent with 8? friends compared with 4.19 QALYs (95 % CI 4.16-4.23) for an adolescent with 0-1 friends. When valuing NMB at k = US$50,000/QALY, the NMB differential between the lowest in-degree quintile and the higher in-degree quintiles ranged from US$138 to US$4,440 in additional healthcare costs and/or reduced QALYs per adolescent over a 5-year span (see Table 3 ). The increase in NMB between the 0-1 friends quintile and the 4-5 friends quintile was US$2,546. The average NMB increase associated with a single stratum step-up in peer status was US$1,110. Figure 2 demonstrates the proportion of Monte Carlo simulation runs (N = 1,000) in which each in-degree stratum produced the maximum NMB compared with the other strata, as a function of the cost-effectiveness threshold k. As seen in Fig. 2 , in 100 % of the Monte Carlo simulation runs the maximum NMB occurred in either the 4th (6-7 friends) or 5th (8? friends) in-degree quintile.
Robustness
The analyses estimated QALYs and healthcare costs using alternative peer status in school measures as presented in Table 4 . School peer status was alternatively defined as the adolescent's out-degree (friendship nominations to other adolescents), send-receive network (adolescents sending a friendship nomination to and/or receiving a friendship nomination from the adolescent), Bonacich centrality (friendship connections to adolescents who themselves have many friendship connections), three-step reach (adolescents reachable within three steps of friendship connection), and local density (percent of friendship connections within an adolescent's send-receive network from total friendship connections possible). Increases in peer status were generally associated with increases in NMB. Full results are available upon request.
Discussion
The study findings suggest that after adjusting for school fixed effects and SES [51, 55] , higher adolescent peer status in school is positively associated with significantly better NMB. At the US$50,000 per QALY level, adolescents who had 8 or more friends accumulated US$214,300 in NMB over 5 years. In comparison, socially marginalized adolescents, those with 0-1 friends, attained US$209,900 in NMB over a 5-year span. This peer status difference translates into approximately US$4,440 in increased health costs and/or reduced QALYs per socially disengaged adolescent over 5 years. The findings are robust to alternative definitions of peer status in school and to alternative US$ thresholds for converting costs to QALYs. In view of the fundamental human need for interpersonal attachment and belonging [56] , the presence of socially marginalized children in schools could be indicative of a school environment that does not promote student health [8] . Subtle changes in adolescent social functioning in a school's peer social networks at the time when they just begin to build their self-identity may set in motion important changes in children's mental and physical wellbeing which may persist into adulthood. Consequently, teachers may hold a unique opportunity to promote better later-in-life health by targeting peer group structures in schools and engaging socially disengaged students [57] [58] [59] [60] .
However, we caution that the observational nature of the available data limits our ability to conclusively draw a definitive causal link from adolescent peer status in schools to later health in adulthood. Our study findings only reveal a consistently strong association between peer status in school and later health across different definitions of peer status. Our longitudinal analysis over 5 years post initial observation suggests a dose-response relationship such that each additional step-up in adolescent peer status in school is associated with better health outcomes. Our results could be viewed in light of an emerging body of literature which identifies plausible biological mechanisms for the association between adolescent peer status in school and health. Further evidence is needed on the causality underlying this association as well as on the comparative costs and benefits of health interventions targeting adolescent peer group QALYs quality-adjusted lifeyears structures in schools as a means to promote better health. The study findings call for randomized controlled trials to investigate these issues further. While keeping in mind the potentially large degree of variability in healthcare cost data and the lack of a definitive causal pathway between peer status in school and health, it may be informative to put the study results in perspective. If our findings hold in future experimental studies, fostering cohesive classrooms with more evenly distributed peer friendships among students that could allow isolated students (0-1 friends) to gain an average number of friendship nominations (4-5 friends) has the potential to save up to US$2,546 in future healthcare costs and/or reduced QALYs per marginalized student over a 5-year span. If such interventions targeting peer group structures prove to be successful, it is conceivable that a school district with 10,000 secondary school students (e.g. a city of 250,000 residents), with 20 % of students being marginalized as in our study sample (i.e. 0-1 friends), could potentially avoid up to US$5.1 million in future healthcare costs and/or reduced QALYs over a 5-year span. In view of the magnitude of the potential healthcare cost savings, our results call for randomized controlled trials evaluating the costs and benefits of school-based social network interventions targeting peer group structures as a means to promote better health in adulthood.
This study has several limitations. First, to estimate QALYs and healthcare costs the analysis relied on subject recall, average disutilities, and average emergency department, hospital, mental health, and alcohol or drug treatment costs. Although these data sources were the best available at the time of the analysis, the cost and QALY data may be subject to both recall and measurement error. Direct healthcare reimbursements and a QALY instrument that could be directly assigned a utility weight would have been preferable [61] . Second, the estimates of healthcare costs did not include primary care visits or medication costs. From this perspective, the analysis may underestimate the total healthcare costs related to adolescent peer status in school. Third, we did not distinguish healthcare costs due to pregnancy and childbirth. Pregnancy healthcare costs were not available in the data. However, US average charges for pregnancy care with vaginal and cesarean delivery were US$32,093 and US$51,125, respectively, in 2010 [62] , which suggests that our findings may undervalue the total healthcare costs associated with peer status in school. Fourth, the sample of adolescents enrolled in the study may not be representative of adolescents nationally and may not Values display net monetary benefit per peer social status quintile (95 % confidence intervals) k cost-effectiveness threshold, QALY quality-adjusted life-year, Out-degree number of friendship nominations sent to other students at Wave I, Send-receive network total number of students an adolescent sent a friendship nomination to or received a friendship nomination from, Bonacich centrality degree to which an adolescent had friendship connections to adolescents who themselves had many friendship connections, Three-step reach number of other students an adolescent could reach within three steps of friendship connection, Local density interconnectedness between friends, measured by the percent of friendship connections present within an individual's send-receive network out of the total number of friendship connections possible a p \ 0.05 compared with first quintile b p \ 0.01 compared with first quintile c p \ 0.001 compared with first quintile characterize acute events (e.g. loss of friends due to relocation). The study excluded subjects who were not present in school or not included on the school roster at the time of initial survey (i.e. no home schooling), which influences the generalizability of the conclusions. Fifth, the analysis, by limiting itself to friendships within a school, may not have captured all social interactions that were meaningful for the adolescents in the study. However, school-based social networks may be most applicable to health promoting interventions targeting peer group structures. Finally, the valuation does not provide standard errors around the cost estimates because of the secondary nature of the healthcare visit cost data. Readers are cautioned about the potentially large degree of variability in costs for healthcare visits.
Conclusion
Adolescent peer status in schools may be contributing to the root causes of adult health outcomes. Adolescents with high peer status in schools have significantly better health and lower healthcare costs in young adulthood. Randomized controlled trials targeting peer group structures as a means of promoting better health in adulthood are called for.
